Chemical flooding is one of the most efficient methods for Enhanced Oil Recovery (EOR). This study demonstrates the efficiency of mixing different concentrations of Ionic Liquid (IL), 1-Ethyl-3-Methyl-Imidazolium Acetate ([EMIM][Ac]), with Weyburn brine to improve a medium oil recovery, Weyburn oil, from an unconsolidated sand pack sample at room conditions. Effects of Slug Size (SS), IL + brine slug initiation time, and combining IL with alkali on the Recovery Factor (RF) were investigated. This study showed that the optimum concentration of ([EMIM][AC]) was 1000 ppm and the most efficient injection time of the chemical slug was at the beginning of the flooding procedure (as secondary flooding mode). In addition, it was proved that the potential of injecting a slug of IL + brine is much better than that of introducing a slug of alkali + brine. Besides, the combination of IL and alkali (AIL) resulted in better RF than injecting either of them alone. Finally, the Surface Tension (SFT), pH, wettability alteration, and viscosity of the displacing phases were measured.
Introduction
It is crucial to increase oil production from existing reservoirs due to the lack of new oil reservoirs discovered around the world as well as the high cost of exploration and reduction in reservoir drive mechanism [1] . Therefore, most researchers focus on studying new enhanced oil recovery (EOR) techniques. Many (EOR) techniques had been proven to increase oil recovery after reservoirs had lost their natural energy [2] . Recently, chemical enhanced oil flooding (CEOR) methods have received significant attention to improve oil recovery using surfactants flooding, polymers flooding, alkalis flooding, and alkaline-polymersurfactant flooding [3] [4] . Chemical flooding plays a significant role in reducing interfacial tension, changing the rock wettability and improving the sweeping efficiency by increasing the viscosity and increasing the mobility ratio [5] [6] .
However, the application of surfactant flooding is limited due to high toxicity, high cost, low efficiency in harsh environments of high salinity, and adsorption on formation rock which causes formation damage [7] . Due to the increase in oil demand, the necessity of finding new chemicals as alternatives to surfactants is growing.
Today, injecting ionic liquids (IL) has become a pivot application in the oil industry to increase oil recovery. There are many ionic liquid types such as organic salts which have a melting temperature lower than 100˚C [8] . Additionally, ILs that are used as demulsification to desalt water and salts resulting from crude oil and water emulsions [9] . Compared to other commercial chemicals, ionic liquids have many advantages such as their commercial availability, solvent stability, non-corrosiveness, recyclability, and low toxicity [10] . Many studies presented the extraction of more than 90% of bitumen from oil sand by using several IL (imidazolium base) mixed with non-polar solvents [11] [14] . Moreover, increasing ILs concentration in salt water resulted in an increase in oil recovery factor from sandstone and carbonate reservoirs [15] . On the other hand, Tunnish in 2016 reported that IL 1-Ethyl-3-Methyl-Imidazolium Acetate ([EMIM] [Ac]) mixed with different synthetic brines was more efficient to extract pelican heavy oil from sand pack column when mixed with low salinity aqueous solution. The results showed that the reduction in interfacial tension between the oil and displacing mixtures was marginal [16] . Moreover, Pereira et al. which was able to extract up to 88% trapped oil after 4 pore volume (PV) IL solution was flooded into core sample [17] . However, selecting IL and its optimum concentration to improve oil recovery depends on reservoir rock types and reservoir fluid properties.
In this research, experimental measurements were used to study the ability of Table 1 . The properties of the sand pack are shown in Table 2 . Table 2 . Petro physical properties of sand pack samples.
Measurements
The 2) The viscosity of Weyburn oil (15.355 cP), Weyburn brine (1.07 cP), and displacing solutions was measured by using an A Brookfield DV-II viscometer.
3) An Anton Paar DSA 5000 M instrument was used to measure the densities of the aqueous solutions.
4) KRUSS K100 device was used to measure the surface tension of the displacing mixtures using Wilhelmy plate method. Clean the sample vessel and the plate by acetone first and then by clean water before every measurement. Also, the lower edge of the plate is placed straight and parallel to surface of the liquids.
5) The pH of the displacing phases was measured by a Navi pH Meter. An average value was calculated after every third measurement.
Sand Pack Preparation
A sand pack column with a bulk volume of 235.7 cm 3 was packed with dry Ottawa sand to prepare an unconsolidated sand pack. The average size of the sand, 40 -80 mesh, was measured using sieving analysis. The PV, porosity, absolute permeability, and fluid saturations were measured and listed in Table 2 .
Flooding Procedure
A vertically oriented core holder, with a length of 18.75 cm and an inside diameter of 4 cm, was packed with dry unconsolidated sand. After packing the sand and fixing the caps, the sand pack sample was 100 % vacuumed using a pump until no air bubble came out and then saturated by Weyburn brine to obtain the porosity from the difference between the dry and saturated weight divided by brine density and bulk volume. The column was injected by brine at different injection rates to determine the absolute permeability using Darcy's Law. After taking the petrophysical properties, the core holder was connected to the core flooding system, a conventional core flooding system, vertically and then the sand pack samples was flooded by the medium oil at a rate of 1 cc/min until no water drop came out from core holder outlet. Total displaced brine represents the original oil in place while the remaining represents the irreducible water saturation. In the next stage, the injection rate was held at a constant rate of 2 cc/min, and the core was placed horizontally and flooded by brine and IL mixtures at different scenarios to obtain the optimum concentration, slug size as well as initiation time. Eventually, all the above procedures were repeated in each experiment with fresh sand to maintain the same properties.
Results and Discussion

Critical Micelle Concentration
Surface tension (SFT) was considered to determine the Critical Micelle Concentration (CMC) of the displacing solutions at room conditions. The CMC is the concentration at which surfactant solutions surface tension could not be reduced further, as the concentration increased [18] . Moreover, ([EMIM][Ac]) has the capability to reduce the SFT regardless of solutions salinity [16] . As shown in 
pH and Conductivity Behaviors of Aqueous Solutions
The pH values of ( [19] . As expected, pH values decreased with increasing water content. Additionally, the alkali has the same effect on the pH as presented in Table 3 .
Electrical conductivity of displacing phases was measured which increased 
Effect of ([EMIM][Ac]) Concentration on the RF
After preparing the sand pack sample in each experiment, the rock properties were measured, as presented in Table 2 . In order to obtain the optimum
[Ac]) concentration of displacing phase, three sand pack flooding experiments were performed with three different concentration (1000 ppm, 3000 ppm, and 5000 ppm) and compared with injecting brine alone into sand pack.
The flooding process was divided into three stages. First, the sand pack was flooded for one pore volume by formation brine (as secondary recovery mode)
followed by one pore volume of IL mixtures. Finally, the sand pack sample was flushed by brine for one pore volume. As shown in Figure 4 , the produced oil 
Effect of ([EMIM][Ac]) Slug Size on the RF
Three experiments were performed to select the optimum slug size (SS). In those experiments, the sand pack samples were initially flooded with 1.25 PV of formation brine, followed by different SS (0.5, 1 and 2 PV) of 1000 ppm ([EMIM] [Ac]), and then the samples were flushed with formation brine. As shown in Figure 5 , the total obtained RFs of injecting 0. 
Effect of ([EMIM][Ac]) Flooding Initiation Time on Improving Oil Recovery
In order to obtain the appropriate initiation time of the chemical slug, the optimum concentration and slug size of ([EMIM][Ac]) were investigated at three different injection times, as shown in Figure 6 . First, the sand pack was initially 
Effect of Continuous Injection (3 PV) of 1000 ppm ([EMIM][Ac]) on the RF
In this section, the efficiency of injection 3 PV of 1000 ppm on the RF was studied. As can be depicted from Figure 7 depicts the total RF (84.41% OOIP) and it is noticeably better than that of injecting only Weyburn brine. Apart from the economics, the continuous flooding of the chemical mixture is also more efficient than chemical slug and injection.
Effect of Alkalis/Ionic Liquid Slug on RF
One of the upsides of injecting alkali is its ability to react with oil component in order to generate surfactants [21] . Before injection alkali/IL slug, the optimum concentration (5000 ppm) of alkali (Na 2 CO 3 ) based on SFT measurements was obtained. Therefore, 1 PV slug with 5000 ppm Na 2 CO 3 was introduced from the beginning of the flooding process and followed by 2 PVs of Weyburn brine to flush the core sample. In comparison to the results of injection brine alone, an extra 4% OOIP was recovered due to the potential of the added alkali. In addition, combing IL with alkali resulted in much better RF than injection just alkali.
When 1000 ppm of ([EMIM][Ac]) was added to 5000 ppm (Na 2 CO 3 ) + Weyburn brine slug, the RF was improved from 77.52% OOIP of injecting alkali + Weyburn brine slug alone to 83.95% OOIP, as shown in Figure 8 . 
Relative Permeability Curves
To Weyburn brine were calculated using step by step graphical technique that was explained by Jones and Roszelle (1978) [22] . As shown in Figure 9 , the rock wa-ter wetness increases and the residual oil saturation decreases for IL slug flooding comparing with brine flooding. These outcomes confirm the enhancement in the RF results in our study.
Conclusion
This paper studied the application of ( 
